Polar monotrichous and peritrichous flagella of Vibrio parahaemolyticus were isolated and purified separately. On hydroxylapatite column chromatography, the flagellins of polar monotrichous flagella were eluted with a higher concentration of phosphate than those of peritrichous flagella. Gel diffusion tests showed an antigenic difference between the flagellins of polar monotrichous and peritrichous flagella. Electron microscope observations on cells stained with ferritin-conjugated antibodies demonstrated that polar monotrichous and peritrichous flagella reacted specifically with antimonotrichous flagellin and antiperitrichous flagellin antisera, respectively.
Polar monotrichous and peritrichous flagella of Vibrio parahaemolyticus were isolated and purified separately. On hydroxylapatite column chromatography, the flagellins of polar monotrichous flagella were eluted with a higher concentration of phosphate than those of peritrichous flagella. Gel diffusion tests showed an antigenic difference between the flagellins of polar monotrichous and peritrichous flagella. Electron microscope observations on cells stained with ferritin-conjugated antibodies demonstrated that polar monotrichous and peritrichous flagella reacted specifically with antimonotrichous flagellin and antiperitrichous flagellin antisera, respectively.
Vibrio parahaemolyticus has peritrichous flagella in addition to polar monotrichous flagella (1, 3, 4, 16, 17 ; E. Yabuuchi, M. Arita, Y. Takeda, and T. Miwatani, Jap. J. Microbiol., in press), and some differences in the characteristics of these two types of flagella have been reported. Polar monotrichous flagella are a normal type, whereas peritrichous flagella are an atypical, curly type (16; Yabuuchi et al., Jap. J. Microbiol., in press). Moreover, the former have a sheath-like structure, whereas the latter do not (1, 11, 16; Yabuuchi et al., Jap. J. Microbiol., in press). Peritrichous flagella were easily removed from the cells mechanically (Yabuuchi et al., Jap. J. Microbiol., in press), but polar monotrichous flagella can only be removed by rigorous agitation of the cells (11) . This paper reports antigenic differences between these two types of flagella.
MATERIALS AND METHODS Strains. V. parahaemolyticus WP-1 and MY-67-012 were used. The former strain produces peritrichous flagella in addition to polar monotrichous flagella when grown on modified MOF (MMOF) agar at 20 C, but does not produce peritrichous flagella when grown on nutrient agar at 37 C for 16 h (16; Yabuuchi et al., Jap. J. Microbiol., in press). The latter strain does not produce peritrichous flagella under any cultural conditions.
Media Isolation of polar monotrichous and peritrichous flagella. Cells grown on nutrient agar at 37 C for 16 h were harvested, and polar monotrichous flagella were detached from the cells using a Waring blender, as described previously (11) . For preparing peritrichous flagella, the cells were grown on MMOF agar at 20 C for 16 h. Then they were suspended in saline (about 50 ml per 1 g of cell) in a flask and shaken gently by hand (about 200 times per 3 min). Then the suspension was centrifuged at 16,000 x g for 30 min. The resulting supernatant fraction contained peritrichous flagella, whereas the precipitate mainly consisted of cells with polar monotrichous flagella and was used as a source of polar monotrichous flagella in some experiments.
Purification of polar monotrichous and peritrichous flagella. The same purification procedures were applied to both polar monotrichous and peritrichous flagella. The procedures used for purification of flagella were differential centrifugations, treatment with diethylaminoethyl-cellulose, and zone electrophoresis with Pevikon C-870 as a supporting medium, as described previously (11) .
Preparation of purified flagellin. Purified flagella were heated at 65 C for 3 min. The flagellins obtained were purified on Sephadex G-100 and hydroxylapatite columns. Sephadex G-100, superfine (Pharmacia, Sweden), was suspended in an appropiate amount of 0.01 M phosphate buffer (Na2HPO4-KH2PO4; pH 7.0) and the swollen gel was allowed to settle by gravity to make a column (1.4 by 65 cm). The column was eluted with 0.01 M phosphate buffer (pH 7.0) and 5-ml fractions were collected. Hydroxylapatite (Nippon Chemical Co.) was suspended in an appropriate amount of 0.001 M phosphate buffer (pH 7.0) and used to prepare a column (0.9 by 22 cm) equilibrated with the same buffer. The column was eluted with 100 ml of the above buffer and then with a linear gradient of 0.001 M to 0.2 M phosphate buffer, pH 7.0. A total volume of 200 ml of buffer was used for elution, and 5.5-ml fractions were collected. All procedures were carried out at 4 C.
Preparation of antiflagellin antiserum. About 100 ptg of protein suspended in 5 ml of 0.01 M phosphate buffer (pH 7.0) was used as antigen and emulsified with an equal volume of Freund's incomplete adjuvant (Difco). The immunizing antigens (5 ml) were inoculated intramuscularly into young rabbits, weighing about 2 kg. After four injections (once a week), antisera were obtained.
Gel diffusion test. The plate method of Ouchterlony (12) was used for the gel diffusion test with 0.7% agar (Noble; Difco) in 0.01 M phosphate buffer (pH 7.0). Samples were put into the wells and the plates were placed in a humidified incubator at 37 C.
Ferritin conjugation of antibodies. Ferritin conjugation of antibodies against rabbit gamma globulin was carried out essentially as described by Lundgren and Westin (10) . Purified ferritin (horse spleen, 100 mg/ml; Nutritional Biochemical Co.) in 0.05 M phosphate buffer (pH 7.5) was mixed with toluene-2,4-diisocyanate in a total volume of 1.0 ml. The mixture was stirred at 4 C for 50 min and then centrifuged at 3,000 rpm for 10 min. The resulting supernatant fraction was allowed to stand at 4 C for 60 min.
For preparation of the immunoglobulin G (IgG) fraction of goat serum against rabbit gamma globulin, goat serum was fractionated by ammonium sulfate and then applied to a diethylaminoethyl-cellulose column (1.6 by 25 cm). IgG was eluted with 0.015 M phosphate buffer (pH 6.3). The IgG fraction of goat serum in 0.1 M borate buffer (pH 9.5) was mixed with the ferritin treated with toluene-2,4-diisocyanate and stirred for 16 h at 4 C. Then the mixture was dialyzed succesively once against 0.05 M ammonium carbonate at 4 C for 14 h and twice against phosphate-buffered saline (5) at 4 C for 24 h. The mixture was centrifuged at 3,000 rpm for 30 min and then at 100,000 x g for 90 min with a small volume of 50% sucrose solution at the bottom of the tube. The ferritin-conjugated antibodies precipitated into the 50% sucrose solution were dialyzed against phosphate-buffered saline at 4 C for 16h.
Staining of flagellin with ferritin-conjugated antibodies against rabbit gamma globulin. Antiflagellin rabbit antiserum was fractionated using ammonium sulfate and diethylaminoethyl-cellulose column chromatography, as described above. The IgG fraction of rabbit antiserurg was collected and dialyzed against phosphate-buffered saline.
Cells of V. parahaemolyticus cultured under appropriate conditions were fixed with 1.5% formalin for 1 h. Then they were washed several times with phosphate-buffered saline by centrifugation (2,000 rpm for 10 min) and incubated with the IgG fraction of antiflagellin rabbit antiserum at 37 C for 60 min. Then they were washed with phosphate-buffered saline by centrifugation (2,000 rpm for 10 min) and incubated with ferritin-conjugated antibodies against rabbit gamma globulin at 37 C for 60 min. The stained cells were washed twice with distilled water.
Preparation of samples for electron microscopy. Cells with stained flagella suspended in distilled water were placed on copper grids coated with collodion. They were shadowed slightly with platinum-palladium. The specimens were examined with a Hitachi electron microscope, model HU-11DS.
RESULTS
Demonstration of two kinds of flagellin by hydroxylapatite column chromatography. Cells of V. parahaemolyticus WP-1 grown on MMOF agar at 20 C for 16 h have both polar monotrichous and peritrichous flagella (16, 17; Yabuuchi et al., Jap. J. Microbiol., in press). The presence of the two kinds of flagella was confirmed by flagellar staining. The flagella were removed from the cells by vigorous agitation with a Waring blender (8,000 rpm for 5 min). The flagella were purified as described above and the flagellins were prepared from the purified flagella. After the flagellins had been filtered through a Sephadex G-100 column, they were subjected to hydroxylapatite column chromatography. A typical result is shown in Fig.  1A . Two distinct peaks were observed. One was eluted with about 30 mM phosphate and the other with about 120 mM phosphate.
Cells with both kinds of flagella were subjected to gentle agitation to remove only peritrichous flagella, as described above. Flagella left on the cells were detached by using a Waring blender and collected. Most of the preparation was derived from polar monotrichous flagella although some peritrichous flagella were included. Flagellins were obtained from them and subjected to hydroxylapatite column chromatography. The result is shown in Fig. 1B . The peak eluted with 30 mM phosphate was much smaller than that shown in Fig. 1A , whereas the peak eluted with 120 mM phosphate was similar to that in Fig. 1A . These results suggest that the peak eluted with 30 mM phosphate is derived from peritrichous flagella and that eluted with 120 mM phosphate is from polar monotrichous flagella.
Peritrichous flagella of V. parahaemolyticus were detached from the cells by gentle agitation and collected. Fig. 2 shows the chromatogram on a hydroxylapatite column of the flagellins of the peritrichous flagella. A large peak was eluted with 30 mM phosphate, but fractions eluted with 120 mM phosphate had no significant absorbance.
Flagellins were obtained from V. parahaemolyticus MY67-012, which has only polar monotrichous flagella under all cultural conditions. As shown in Fig. 3 , on hydroxylapatite column chromatography a single peak of flagellins was eluted with 120 mM phosphate.
The above results show that the peak eluted with 30 mM phosphate was derived from peritrichous flagella and that eluted with 120 mM phosphate was from polar monotrichous flagella. We have tentatively designated materials in these two peaks as the P-and M-flagellin, respectively.
Gel diffusion test on the two kinds of flagellins. Flagellins from polar monotrichous and peritrichous flagella were separately purified. These two flagellins were subjected to gel diffusion with anti-P-and anti-M-flagellin antisera. As shown in Fig. 4 , the flagellins from the peritrichous and polar monotrichous flagella only formed a detectable precipitation line with the corresponding antisera. These results show that the antigenicities of peritrichous and polar monotrichous flagella are different.
Staining of polar monotrichous and peritrichous flagella with ferritin-conjugated antibodies. To confirm that polar monotrichous and peritrichous flagella have different antigenicities, attempts were made to stain them separately with ferritin-conjugated antibodies.
Cells with both flagella were incubated with the IgG fraction of rabbit anti-P-flagellin antiserum and then stained with ferritin-conjugated antibodies against rabbit gamma globulin. As shown in Fig. 5 , the peritrichous flagella were stained with ferritin particles, whereas the monotrichous flagellum was not.
When the cells were incubated with the IgG fraction of rabbit anti-M-flagellin antiserum and then stained, the ferritin-conjugated antibodies reacted only with the polar monotrichous flagellum (Fig. 6) . the possibility that monotrichous flagella of V. parahaemolyticus consist of two different kinds of flagellin (14) . Although V. parahaemolyticus had been considered to be a single polar flagellated organism since its first isolation (6, 7, 13) , recent investigations have revealed that it has peritrichous flagella in addition to polar monotrichous flagella under certain cultural conditions (1, 3, 4, 16, 17; Yabuuchi et al., Jap. J. Microbiol., in press). Hydroxylapatite column chromatography and gel diffusion tests showed that U-I and U-1I correspond to the flagellins of peritrichous and polar monotrichous flagella, respectively. Leifson and Hugh (8) reported an antigenic difference between the peritrichous and lophotrichous flagella of a species of Aeromonas. Sneath (15) reported a similar difference between the polar and peritrichous flagella of a species of Chromobacterium. These workers studied the antigenicities of the flagella by the agglutination test and so these antigenic differences are not fully established. The present study clearly demonstrates that the antigenicities of polar monotrichous and peritrichous flagella are different. This was shown by gel diffusion tests and confirmed by electron microscope observations on cells stained with ferritinconjugated antibodies.
